To evaluate immunohistochemically various parameters of inflammation in coronary atherectomy specimens obtained from restenotic culprit lesions of patients presenting with either stable or unstable angina (UA).
Studies evaluating atherosclerotic plaque specimens retrieved by directional coronary atherectomy (DCA) have demonstrated differences in the extent of plaque inflammation between patients with stable and unstable angina (UA) (1) (2) (3) . These studies provided further support to the contention that infiltration of macrophages (MACs) is crucial for the onset of unstable coronary syndromes (4 -6) . Thus far, these clinicopathologic relations between the type of angina and the extent of inflammation in culprit lesions are derived from patients with de novo lesions. Recent literature suggests an association between infiltrated plaque MACs and the development of restenosis after DCA (7) . Tissues of patients with a restenotic lesion as their culprit have not been studied from this point of view. The aim of the study was to evaluate the relationship between the presence of inflammatory cells in restenotic lesions and the types of evolving ischemic coronary syndromes.
METHODS

Patient population.
A total of 37 patients with a restenotic culprit lesion that was suitable for DCA were included. The patient cohort consisted of 18 patients with chronic stable angina, classes 1-3 according to the Canadian Cardiovascular Society (CCS) classification (8) and 19 patients with UA, classes I-III according to Braunwald's classification (9) .
Immunohistochemistry. Immediately after the DCA procedure, the obtained tissue fragments were carefully oriented in embedding fluid (Tissue Tek; Sakura Finitek Europe BV, Zoeterwoude, The Netherlands) in such a way that the sites with the largest surface area were in the plane of cutting the sections. Thereafter, they were frozen in liquid nitrogen and stored at Ϫ80°C. Frozen sections were cut at 5 m, one section was stained with hematoxylin-eosin for morphologic evaluation and adjacent serial sections were mounted for immunohistochemistry. The primary monoclonal antibodies used were anti-CD68 (Dakopatts, Glostrup, Denmark) for the detection of macrophages (MACs), anti-CD3 (Beckton and Dickinson, Mountain View, California) for the detection of T-lymphocytes and anti alpha-actin (SMA-1, Dakopatts, Glostrup, Denmark) for the detection of smooth muscle cells (SMCs). In both cases a three-step indirect peroxidase method was used as previously described (10) , and antibody complexes were visualized by 3-amino-ethylcarbazole. No counter stain was used.
Morphometric analysis.
Results of anti-CD 68, anti-CD3 and anti-alpha-actin immunostaining were planimetrically quantified using image analysis software on a personal computer connected with a video-mounted microscope. The total tissue area of the immunostained sections of each atherectomy specimen was outlined manually on the video screen and measured. The tissue areas of the immunostained sections, which were occupied by immunopositive stained cells (MACs or SMCs), were measured automatically using gray scale detection with a fixed threshold. Thereafter, the SMC and MAC areas were calculated as percentages of the total tissue area. T-lymphocytes were counted at 100-ϫ magnification throughout the entire section and expressed as number of cells per mm 2 . The pathologists were blinded to the results of the clinical classification of anginal symptoms.
Statistical analysis. Data are expressed as mean Ϯ SD. For comparison of clinical, angiographical and immunohistochemical data, an unpaired Student t test was used for continuous data and a chi-square test for categorical data. A Mann-Whitney U test was performed for nonparametric continuous data and a Fisher's exact test for categorical data. We used multivariate linear regression to adjust differences in SMC, MAC and T-lymphocytes between patients with stable and unstable angina for difference in baseline characteristics between these patients groups. The SPSS package for Windows version 9.0 (SPSS Inc. 1999, Arlington, Virginia) was applied for these purposes. Values of p Ͻ 0.05 were considered statistically significant.
RESULTS
Patient population.
Clinical and angiographical characteristics of the study patients are shown in Tables 1 and 2 . Patients with UA were significantly older than patients with stable angina (p ϭ 0.02); otherwise, the patient populations were comparable.
Quantitative immunohistochemistry. Inflammatory cells, MACs (anti-CD68) and T-lymphocytes (anti-CD3) were found in the specimen of all patients but in highly variable amounts. Moreover, their tissue localization showed two ; p ϭ 0.034) than patients with stable angina (Fig.  4) . We corrected these differences for the uneven age distribution between patients with stable and UA. This correction did not influence the observed differences.
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DISCUSSION
The results of this study demonstrated that there is a positive association between the clinical manifestation of coronary syndromes and the extent of inflammation (MAC and T-lymphocytes) in atherectomy specimens of patients with a restenotic lesion. This association could not be statistically attributed to the age difference between patients with stable and UA.
A study by Moreno et al. (1) on atherectomy specimens obtained from de novo lesions revealed that MAC infiltration of plaque tissue represents a marker for plaque insta- 5ϫ (a) and 172.5ϫ (b,c) . SMC ϭ smooth muscle cell.
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bility. Subsequent studies of atherectomy specimens confirmed the relationship between plaque instability and unstable coronary syndromes by demonstrating increased amounts of T-lymphocytes and expression of human leukocyte antigen-DR molecules on cells (3), MACs producing the proteolytic enzyme gelatinase B (11) and MACs producing the thrombosis initiator tissue factor (12) . In contrast, there is no information in the literature regarding the role of inflammation in restenotic coronary lesions. Thus far, clinicopathological studies, evaluating tissue specimens obtained by DCA, revealed SMC proliferation with concomitant extracellular matrix synthesis and marked expression of growth factors as principal features of restenotic lesions (2, (12) (13) (14) (15) (16) . The principal role of SMCs is in accordance with autopsy based studies, demonstrating the local wall response to mechanical injury after percutaneous coronary interventions (17) (18) (19) . Indeed, it has been postulated that massive SMC proliferation with abundant extracellular matrix production could give rise to plaque expansions, which eventually could lead to symptoms of UA (13, 15) . This concept was based on similarities in SMC proliferation and the expression of the SMC growth factors aFGF and bFGF between lesions of patients with UA and patients with restenotic coronary lesions. Moreover, Chen et al. (15) found a similar phenotypic modulation of SMCs in patients with UA and postangioplasty restenosis using transmission electron microscopy. However, these patients with restenosis were not divided in the subgroups of stable and UA. More recent insight suggests that excessive SMC growth results in a preference for presentation of stable, rather than a presentation of unstable, coronary syndromes (20, 21) . Be that as it may, the fact remains that this study showed no relationship between the content of SMCs and the clinical presentation of anginal symptoms. Moreover, none of the previous reports quantified MAC density as a marker of plaque inflammation in patients with stable or UA as part of their restenosis. Our finding of large concentrations of inflammatory cells in atheromatous tissue and relatively small amounts in the classical type restenosis tissue suggested that the inflammatory activity results from preexisting plaque at the site of restenosis (plaque burden). One could hypothesize that these inflammatory cells destabilize the tissue of restenotic coronary lesions in a similar way as has been described for unstable primary coronary lesions.
In conclusion, our findings suggest that plaque instability relates to inflammation rather than to the extent of SMC proliferation. This observation provides a novel insight into pathophysiology of restenosis supporting the contention that plaque inflammation is pivotal in destabilization of restenotic coronary lesions resulting in unstable coronary syndromes. 
